Abstract: Sensitive examination tools are needed to optimize evaluation after sports-related concussion. The Physical and Neurological Examination of Subtle Signs was preliminarily examined for sensitivity to motor changes in a pilot cohort of adolescents aged 13-17 yrs with sportsrelated concussion. A total of 15 adolescents (5 female adolescents) with sports-related concussion were evaluated up to three times: within 2 wks of injury, approximately 1 mo later (mean, 35 days between visits), and for those not recovered at the second visit, again after clinical recovery (mean, 70 days between the first and last visits for all participants). Comparison data were acquired from 20 age-and sex-matched healthy control athletes with no history of concussion who were evaluated twice (mean, 32 days apart). Main effects of group, time, and interaction effects were evaluated with an analysis of covariance, which controlled for socioeconomic status, times tested, and days between testing sessions. Adolescents with concussion had poorer Physical and Neurological Examination of Subtle Signs performance than controls did at all time points. Performance improved between visits within the concussion group, with no change within the control group. These findings suggest that the Physical and Neurological Examination of Subtle Signs merits additional study in larger cohorts and in combination with other markers of injury to facilitate an enhanced understanding of sports-related concussion and recovery.
D
etermining when recovery from sports-related concussion (SRC) has occurred such that an athlete can return to highrisk activities is a high-stakes medical decision, with potential adverse effects of providing clearance too early 1 or prolonging return to activities. 2 Currently, clinical recovery from SRC is determined using a combination of symptom report, motor evaluation, and cognitive testing. 3 However, recent neuroimaging studies suggest that clinical recovery may not represent full neurologic recovery. [4] [5] [6] [7] Concurrently, individuals with a history of SRC have a higher risk for musculoskeletal injuries 8, 9 and repeat concussion 10 upon return to play as well as delayed recovery following subsequent SRC. 11 These findings suggest that behavioral measures used in current clinical practice may be insensitive to subtle deficits after SRC.
Concussion-specific computerized testing has been reported to show most clinical utility within the first week postinjury and just after symptom resolution. 12 The Balance Error Scoring System 13 is commonly used in SRC but does not detect persisting deficits in adolescents months postinjury compared with instrumented balance assessments.
14,15 The King-Devick, an ocular motor assessment, has limited sensitivity to SRC in the months postinjury. 16 There is a need for novel evaluation tools that are practical for widespread use and sensitive to residual, subtle deficits that may serve to reduce risk associated with return to high-risk activity.
The purpose of this project was to preliminarily evaluate the Physical and Neurological Examination of Subtle Signs (PANESS 17 ) with regard to ability to detect and monitor residual motor changes after SRC in a pilot cohort of adolescents. Although the PANESS has not previously been examined in SRC, it is sensitive to subtle motor differences in other pediatric populations (e.g., attention deficit hyperactivity disorder 18 ) and has been found to have greater sensitivity than traditional clinical measures to residual deficits 1 year after mild to moderate pediatric traumatic brain injury. 19 It was examined whether subtle motor deficits were detected using the PANESS in adolescents with subacute SRC (up to 2 wks postinjury) and after clinical recovery from injury, in comparison with controls.
METHOD Participants
Participants were part of a larger study assessing novel methods for evaluating SRC. Here, 15 adolescent athletes (5 female adolescents), ages 13-17 yrs, with SRC recruited from community advertisements and clinical encounters (e.g., concussion clinic) were included. Inclusion criteria were a diagnosis of SRC defined by witnessed distinct episode of force to the head or trunk occurring during participation in an organized sporting event with subsequent self-report or observer report of onset of at least two symptoms commonly associated with concussion. Exclusion criteria included a Glasgow Coma Score from the emergency department (when available) of 12 or lower, posttraumatic amnesia for more than 24 hrs, current hospitalization or narcotic use, previous moderate or severe traumatic brain injury, or previous concussion without subjective return to baseline. To reflect the typical SRC population, loss of consciousness for more than 15 min was also used as an exclusion criterion, as in other studies. [20] [21] [22] Four participants enrolled in the larger study were not included: two did not return for a follow-up visit, one did not achieve clinical recovery within the study timeframe, and one did not pass effort testing (Test of Memory Malingering 23 ). Twenty healthy athletes (7 female adolescents), ages 13-17, were recruited using flyers, word of mouth, and radio advertisements. Exclusion criteria for controls included any history of traumatic brain injury, including concussion. Based on parent report, no participants in either group had preinjury mood concerns, other major medical conditions, or behavioral, learning, or educational diagnoses.
Measures
The PANESS 17 examines subtle signs of motor impairment during gait, balance, and timed basic motor functions. The PANESS was designed for bedside use and does not require technology, making it a good candidate for use in clinic, school, and sports settings. The PANESS has two subscores (Gaits and Stations, Total Timed), which are summed to calculate the Total score; higher values represent poorer performance. The Gaits and Stations subscore captures the presence of balance or walking disturbances along with excessive motor movements and irregular posture or muscle tone during task performance. The Total Timed score captures speed/accuracy deficits during repetitive and patterned motor tasks as well as irregularities in rhythm and overflow movements. The PANESS Total score and both subscores were used in statistical analyses. The PANESS has been shown to have good test-retest reliability. 24 The PANESS was administered at all study visits.
For comparison purposes, data from the Immediate PostConcussion Assessment and Cognitive Test (ImPACT, www. impacttest.com), a widely accepted computerized battery for assessing concussion, were examined. ImPACT was administered at all SRC study visits and at the first visit for controls. Composite scores for Verbal Memory, Visual Memory, Visuomotor Speed, and Reaction Time were examined while covarying for age.
Study Procedure
The local institutional review board approved all study procedures, and the research was conducted in accordance with the Declaration of the World Medical Association. This study conforms to all STROBE guidelines and reports the required information accordingly (see Checklist, Supplemental Digital Content 1, http://links.lww.com/PHM/A574). Written informed consent was obtained from a parent or legal guardian, and assent was acquired from adolescents. Data were collected by psychology associates who were blind to the study hypothesis to reduce bias. Adolescents with concussion had a first study visit within 2 wks of injury; at this visit, all concussion participants were symptomatic from concussion, based on teenager (PostConcussion Symptom Scale, part of ImPACT) and parent (Post-Concussion Symptom Inventory, Parent Form) report. SRC participants returned approximately 1 mo later. At this second visit, SRC participants were classified as either clinically recovered or not clinically recovered, with recovery defined as resolution of postconcussive symptoms per parent and teenager report, participation in typical school program at preinjury level of functioning without accommodations, and having been cleared for full return to sports activities by a medical professional. Six adolescents were not clinically recovered by their second visit and returned for a third visit after clinical recovery. Controls had two study visits spaced approximately 1 month apart. The term last visit refers to the final visit for each participant; for nine SRC and all control participants, this was the second visit, and for six SRC participants, this was the third visit. Figure 1 depicts the study timeline for each group.
Statistical Analysis
To assess potential between-group differences, Pearson chi-square tests were used for sex, race, and socioeconomic status (based on maternal education); an independent-sample t test was used for age; and the Mann-Whitney U test was used for days between first and last testing visits. Pearson correlations were used to assess potential relationship in the SRC group between days from injury to each study visit and total PANESS score. Demographic factors where statistical evaluation showed P ≤ 0.10 were included as covariates in analyses of covariance (ANCOVAs). Number of times tested (two or three) was included as a covariate in all analyses examining data from last testing.
A mixed-method 2 (group) Â 2 (time) ANCOVA was used to evaluate PANESS performance across the first and last visits. Given reported sex effects on PANESS performance in younger children, 25 Mann-Whitney U tests were used to evaluate for differences in PANESS by sex within groups. Two separate ANCOVA models were used to examine group differences on ImPACT using the single testing session for controls and (1) SRC first visit and (2) SRC last visit.
RESULTS
There were no significant between-group differences in age (P = 0.21), sex (P = 0.92), socioeconomic status (P = 0.07), or race (P = 0.49). There was a significant between-group difference in days between the first and last visits (mean, 70 days for SRC and 32 days for controls; P = 0.01). Socioeconomic status was included as a covariate in all models, and days between visits was included in the repeated-measures ANCOVA. There was no significant relationship between days from injury and PANESS scores (P = 0.23-0.84). For the six adolescents not recovered by the second visit, average days to recovery was 75 (range, 43-101), and on average, there were 57 days between recovery and last visit (range, 9-143).
There was a significant group-by-time interaction on PANESS Total (F 1, 29 = 8.60, P = 0.006), Gaits and Stations (F 1, 29 = 4.47, P = 0.04), and Total Timed (F 1, 29 = 8.21, P = 0.008) scores (see Fig. 2 ). For Total score, post hoc analyses revealed that the concussion group had higher (poorer) scores than controls did at the first visit (P = 0.001) and the last visit (P = 0.034). Within the concussion group, participants had higher (poorer) scores at the first visit compared with the last visit (P = 0.004). No significant differences existed between visits within the control group (P = 0.907). On the Gaits and Stations subscore, the concussion group had poorer performance than controls did at the first visit (P = 0.006) but not at the last visit (P = 0.732). Within the concussion group, Gaits and Stations scores were higher (poorer) at the first visit compared with the last visit (P = 0.028). No significant difference existed between visits within the control group (P = 0.111). For Total Timed subscore, in comparison with the control group, the concussion group had higher (poorer) scores at both the first visit (P < 0.001) and the last visit (P = 0.008). Participants with concussion had poorer Total Timed performance at the first compared with the last visit (P = 0.003). Again, no significant difference existed within the control FIGURE 1. Study timeline. This figure depicts the time points at which the PANESS was completed for the concussion group (A) and the control groups (B).
FIGURE 2.
Between-and within-group differences on the PANESS. A significant group-by-time interaction was observed on PANESS Total score and subscore performance. In comparison with the control group (light boxes), the concussion group (dark boxes) had significantly higher (poorer) scores on the PANESS Total score and Total Timed subscore at both the first visit and the last visit; they had poorer PANESS Gaits and Station performance than controls at the first visit only. Within the concussion group, participants had significantly lower (better) scores on the PANESS Total score and both subscores at their last visit compared with their first visit. There were no significant changes in performance between visits within the control group on the PANESS Total score or either subscore. Error bars represent standard deviation (SD). Within the box plots,°indicates performance of 2 SDs above the mean, whereas^indicates performance of 3 SDs above the mean. * Significant group differences of P ≤ 0.05. group between visits (P = 0.349). There were no sex differences in PANESS performance at either visit within the concussion group (all P values > 0.21) or within the control group (all P values > 0.31). For group mean and standard deviation values, see Supplemental Table 1 (Supplemental Digital Content 2, http://links.lww.com/PHM/A575).
As a post hoc analysis, the ANCOVA model was rerun examining PANESS scores from the first and second visits in both groups, controlling for socioeconomic status; there was no significant between-group difference in days between the first two visits. ANCOVA findings were similar to those above, with a significant group-by-time effect (P < 0.001). Post hoc tests showed significant changes between visits in the SRC group for Total (P = 0.002), Gaits and Stations (P = 0.03), and Total Timed (P = 0.001) scores.
At the first visit, the SRC group performed worse than controls on ImPACT Visual Memory (P = 0.03), Visual Motor Speed (P = 0.007), and Reaction Time (P = 0.005), but not Verbal Memory (P = 0.30). At their last visit, the SRC group showed no significant differences compared with controls on Verbal Memory (P = 0.25), Visual Memory (P = 0.37), Visual Motor Speed (P = 0.35), or Reaction Time (P = 0.15).
DISCUSSION
The PANESS was evaluated in a pilot cohort to examine potential applicability as a behavioral measure for SRC with sensitivity to residual motor changes. It was observed that adolescents with a history of recent SRC had significantly poorer performance on the PANESS during the subacute stage (4-14 days) of injury in comparison with matched, never-concussed athletic peers. More importantly, it was found that adolescents with a history of SRC continued to demonstrate poorer PANESS performance after they were deemed clinically recovered, despite within-group improvement over time. In contrast, similar to what has previously been reported, 12 it was found that Im-PACT was sensitive to concussion in this cohort early but not later after concussion.
Both subscores of the PANESS were sensitive to SRCinduced deficits in the subacute stage, whereas only the Total Timed subscore was sensitive to deficits at clinical recovery. The Total Timed subscore of the PANESS is distinct from other commonly used assessments as it evaluates the speed of both repetitive and patterned movements of the hands, feet, and fingers while simultaneously evaluating dysrhythmic motor movements or the presence of excessive motor behavior (i.e., overflow). Further evaluation of the Total Timed component scores revealed that speed, rather than dysrhythmia or overflow movements, distinguished the concussion group at clinical recovery compared with controls. Although the reliability of the PANESS has been established in younger populations, 24 this is the first study to demonstrate performance consistency in typically developing adolescents, which increases its utility for empirical studies, including in comparison with other common SRC evaluation tools. 12 The persistent presence of relative deficits on the PANESS at clinical recovery in this pilot cohort suggests that the PANESS may be sensitive to subtle deficits that persist after a child clinically appears to have returned to baseline. Further work is needed to assess whether this finding is replicated in a larger cohort and, if so, how long subtle motor findings persist after clinical recovery and whether they are associated with the increased rate of injury that has been documented in previously concussed athletes upon return to high-risk activity. [8] [9] [10] It is also possible that the adolescents with SRC in this cohort may have had poorer PANESS baseline (preinjury) performance compared with never-concussed peers and that the baseline subtle motor findings may represent increased susceptibility to SRC. Without preinjury PANESS performance data, the authors are unable to evaluate if the observed PANESS deficits were premorbid, which is a limitation that should be addressed in future work.
Given the small sample size and limited number of female participants, age and sex effects should also be reexamined in a larger cohort. Although no potential participants were excluded because of loss of consciousness for >15 mins, the use of more standard inclusion/exclusion criteria may be more appropriate in follow-up studies. In future work, the use of orthopedically injured control athletes should also be considered. Another limitation of this work is the heterogeneity in time to clinical recovery among the SRC participants, which led to a subset having a third exposure to the PANESS, compared with two exposures in the other participants. This was controlled for in the analyses, and the lack of practice effects in the control group is reassuring. In addition, any practice effects from additional exposure would have been expected to bias the findings toward less between-group difference.
These preliminary data suggest that the PANESS, an examination for subtle signs designed for bedside use without technological requirements, merits additional exploration as a sensitive marker of brain function after concussion in adolescents. Future studies of expanded sample sizes should also examine potential relationships between PANESS performance and neurologic markers of injury and recovery, such as imaging measures. Although it was hypothesized that the PANESS may capture unresolved behavioral deficits that may represent incomplete neurologic recovery, this, as well as the relationship between these deficits and later outcomes, must be empirically tested.
